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osting by EAbstract According to the World Health Organization the term congenital anomaly includes any
morphological, functional, biochemical or molecular defects that may develop in the embryo and
fetus from conception until birth, present at birth, whether detected at that time or not. Based
on World Health Organization report, about 3 million fetuses and infants are born each year with
major malformations. Several large population based studies place the incidence of major malfor-
mations at about 2–3% of all live births. In this study we tried to assess the frequency and nature of
congenital malformations (CMs) among Egyptian infants and children as well as the associated
maternal, paternal and neonatal risk factors. Patients (13,543) having CMs were detected among
660,280 child aged 0–18 years attending the Pediatric Hospital Ain Shams University during the
period of the study (1995–2009), constituting 20/1000. Males were more affected than females
(1.8:1). According to ICD-10 classiﬁcation of congenital malformations the commonest system
involved were, nervous system, followed by chromosomal abnormalities, genital organs, urinary
system, musculoskeletal, circulatory system, eye, ear, face, and neck, other congenital anomalies,
digestive system, cleft lip and palate, and respiratory anomalies. Among the maternal risk factors
detected were multiparity, age of the mother at conception, maternal illness, exposure to pollutants,
and intake of the drugs in ﬁrst months. Consanguineous marriage was detected in 45.8% ofTomanbay St., Hammamat
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70 R.M. Shawky, D.I. Sadikpatients. Surveys of CMs must be done in every country to provide prevalence, pattern of occur-
rence, nature, identify causes, and associated risk factors to prevent or reduce the occurrence of
CMs.
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According to the World Health Organization the term congen-
ital anomaly includes any morphological, functional, biochem-
ical or molecular defects that may develop in the embryo and
fetus from conception until birth, present at birth, whether de-
tected at that time or not [1,2]. In this study we will concentrate
on structural birth defects of prenatal origin that result from
defective embryogenesis or an intrinsic abnormality of devel-
opmental process. The prevalence and types of congenital mal-
formations (CMs) differ from one country to another and even
in the same country from one region to another. This depends
on the deﬁnition of congenital malformations applied; method
of their detection, length of time the population under obser-
vation, ethnic and socio-economic characteristics of the popu-
lation studied [3–5]. Based on World Health Organization
report, about 3 million fetuses and infants are born each year
with major malformations [5,6]. The impact of the birth defects
on the fetus and newborn infant is great as they are responsible
for 495,000 deaths world wide [6]. The great majority of these
deaths occurred during the ﬁrst year of life and thus contribute
mostly to infant mortality rate. In Egypt, infant mortality rate
due to birth defects is about 15% of all infant deaths (22/1000)
[7]. Several large population based studies place the incidence
of major malformations at about 2–3% of all live births
[2,6]. Birth defects account for 15–30% of all pediatric hospi-
talizations and they exert a proportionately higher health care
cost than other hospitalizations i.e. they impact a signiﬁcantf Egypt.burden to families and society [8]. Children with major congen-
ital malformations (CMs) were more likely to have Bayler
Mental Development Index Scores of 670, Psychomotor
Developmental Index Scores 670, neurodevelopmental
impairment, moderate – to – severe cerebral palsy, length in
the 610th percentile, head circumference in 610th, more
rehospitalization and higher rate of early intervention use at
18–22 months corrected age [9]. The causes of congenital mal-
formations are divided into four broad categories, genetics,
environmental, multifactorial and unknown. A genetic cause
is considered to be responsible in as many as 10–30% of all
birth defects, environmental factors in 5–10%, multifactorial
inheritance in 20–35% and unknown causes were responsible
for 30–45% of cases [9]. Most of the CMs therefore are
thought to have a multifactorial inheritance resulting from
interactions between genes and environmental factors which
are mostly unknown, such diseases are called complex diseases.
This interplay between genes and environmental factors under-
lie the etiological heterogeneity of these defects and study of
gene–environmental interactions will lead to better under-
standing of the biological mechanisms and pathological pro-
cesses that contribute to the development of complex birth
defects. It is only through this understanding that more efﬁ-
cient measures will be developed to prevent these severe costly
and often deadly defects [10].
2. Demographic features of Egypt
Egypt is about one million kilometers and is located on the
north eastern corner of Africa and South Western Asia. Egypt
is the most popular country in the Middle East and the third
most populous on the African continent, with an estimated
72.50 million people, 37.1 males and 35.4 females. One Egyp-
tian baby is born every 23 s. Almost all the population is con-
centrated along the banks of the Nile (notably Cairo and
Alexandria), in the Delta and near the Suez Canal. Small com-
munities spreading throughout the desert regions of Egypt are
clustered around oases and historic trade and transportation
routes (Fig. 1) [11].
Cairo population rose to more than 7.8 millions (the high-
est population density in Egypt). The vast majority (94%) of
the population of Egypt consists of ethnic Egyptians. Ethnic
minorities in Egypt include the Bedouin Arab tribes of the Si-
nai Peninsula and the eastern desert, the Berber-speaking com-
munity of Siwa Oasis and the Nubian people clustered along
the Nile in the southernmost part of Egypt [11]. The average
age of marriage is 27 years in males and 25 years in females.
There have been an increase overtime in the median age of
marriage within all areas of Egypt. Although the average fam-
ily size is falling from 4.65 people in 1996 to 4.18 in 2006, the
family size is still large. Population growth rate is 1.75%. Birth
rate 22.12 births/1000 population and death rate 5.23 deaths/
1000 population [11]. Birth rate among women over 35 years
have been almost twice (65/1000) as often as those occurring
among women of the same age in USA (33.7/1000) [12]. The
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1000 in 2005. Disabled increased from 0.48 in 1996 to 0.6 in
2006. As regards consanguinity Khayat and Saxena [13] re-
ported a general incidence of 38.9%. It ranged from 25.4%
in Lower Egypt urban to 55.2% in Upper Egypt rural. First
cousin marriages were the most common. Over the years Egypt
has made substantial progress in establishing an extensive net-
work of health facilities and providing easy accessible basic
health services to almost the entire population, controlling
communicable diseases, achieving high immunization rates
and reducing population growth. The vast majority of popula-
tion has access to safe water and sanitation. However infant
mortality and maternal mortality (24.5 and 6.9, respectively,
per 1000 live births) are still high as is the prevalence of mal-
nutrition under the age of 5 years especially in Upper Egypt
and iron deﬁciency anemia is widely prevalent. The impact
of an on going epidemiological transition with the emergence
of non communicable diseases including genetic diseases and
risk behavior-related diseases as a major contributor to disease
burden started to be recognized [14]. Currently, no nationwide
birth defect monitoring system exists in Egypt. Only a small
number of reports are available from general and university
hospitals which demonstrate the prevalence in the area of the
hospital among live births and still births. Also there are no re-
ports from Egypt about prevalence of CMs among children.0 1000 2000 3000 4000
Respiratory
system
Figure 2 Frequency of congenital malformations prevalent in
Egyptian infants and children.3. Aim of the study
In this study we tried to assess the frequency and nature of
CMs among Egyptian infants and children (0–18 years) as well
as the associated maternal and neonatal risk factors.4. Subjects and methods
The geographical area studied is the North East region of
Cairo. The sample size studied was 660,280 patients attending
the pediatric clinic, Ain Shams University hospital (from birth
up to 18 years) during the period of the study from year 1995
up to year 2009. This is considered one of the major Universi-
ties in Egypt and it was established in July 1950 under the
name of ‘‘Ibrahim Pasha University’’. It includes 15 Faculties
and 2 High Institutes. The Educational Hospital of the Faculty
of Medicine contain about 3000 beds and serving about
1000,000 patients annually at the outpatient clinics and inpa-
tient departments. These hospitals comprise a distinguished
panel of professors of medicine in all specializations, and are
also provided with the most up-to-date medical equipment
and technology. Thus people come for consultation from all
areas of Egypt, so the study population were close to the dis-
tribution in the whole Egypt to a great extent. The Genetics
Unit is included in Pediatric Department of this hospital and
it is the 1st genetic unit to be established (year 1964) in all Arab
Countries. Charts of children with congenital malformations
(CMs) were extracted (13,582). To determine the associated
risk factors and their relation to CMs we studied pedigree
charts, degree of consanguinity of parents and family history
of similarly affected infants or children. Maternal risk factors
including parity, age of the mother at conception, history of
maternal illness as diabetes, fever and common cold, exposure
to irradiation, pollutants, smoking (passive or active), intakeof any drugs, multivitamins and folic acid were also studied.
Pregnancy history in the affected child including polyhydram-
nios, oligohydramnios, breech presentation, vaginal bleeding
early in pregnancy, twin pregnancy, period of gestation, ante-
natal care during pregnancy, mode of delivery, history of pre-
vious abortions and still births, paternal factors as age at the
time of conception and occupation (professional or not). New-
born factors as sex and birth weight were also studied. Control
group included 5000 mothers of infants and children attending
the Pediatric Department for consultation for diseases other
than CMs for comparison as regards risk factors. Reports of
physical examination of infants and children with CMs as re-
gards weight, length, skull circumference, facial features and
any congenital malformations were studied. Reports of inves-
tigations as echocardiography, abdominal ultrasonography,
CT brain, chromosomal studies were also studied. The malfor-
mations were classiﬁed into major and minor anomalies. Ma-
jor anomalies are classiﬁed by the use of anatomic systems
to organize human anomalies according to the International
Statistical Classiﬁcation of Diseases and Related Health Prob-
lems, 10th version, for 2007 [15]. There are a list of minor
anomalies that are to be excluded unless occurring in combina-
tion with major anomalies. Minor anomalies can be of impor-
tance especially in cases of suspected dysmorphic syndromes
and in relation to environmental effects, but there is as yet little
standardization in their deﬁnition reporting [16]. A statistical
study was done using the data obtained and involving v2,
odd ratio, and CI 95%.
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Patients (13,543) having CMs were detected among 660.280
child aged 0–18 years attending the Pediatric Hospital during
the period of the study (1995–2009), constituting 20/1000.Males
were more affected than females (8831:4712) (1.8:1). According
to ICD-10 classiﬁcation of CMs the systems involved in
descending order of frequency were, central nervous system
5.5/1000, chromosomal abnormalities 5.1/1000, genital organs
anomalies 2/1000, musculoskeletal 1.8/1000, urinary system
anomalies 1.8/1000, circulatory system anomalies 0.13/1000,
eye, ear, face and neck anomalies 0.11/1000, other congenital
malformations 0.9/1000, digestive system anomalies 0.4/1000,
cleft lip and palate 0.3/1000 and respiratory system anomalies
0.1/1000 (Table 1 and Fig. 2).Distribution ofmaternal, paternal
and neonatal characters in comparisonwith controls, Odd ratio,
and CI 95% were summarized in Table 2. Among the maternal
risk factors for CMs in Egypt weremultiparity (54%), age of the
mother above 35 years at conception (59.96%), maternal illness
especially diabetes (7.28%), fever and common cold (16.69%),
exposure to pollutants (58.57%). Only 31.8% of the mothers re-
ceived antenatal care and 27.5% received multivitamins and fo-
lic acid during pregnancy. 36.32% of mothers received some
drugs (not exactly known) in ﬁrst 3 months of pregnancy.Moth-
ers of children with CMs were more signiﬁcantly affected
(p< 0.05) than controls with polyhydramnios (10.8%), oligo-
hydramnios (9.81%), early vaginal bleeding (39.43%) and pre-
eclampsia (39.43%). Twin pregnancy was recorded in 2.94%
and breech presentation in 11.32%in this study. Delivery by
CS was needed by 23.1%of mothers of patients with CMs. Past
history of abortion or stillbirth was detected in 32.39%ofmoth-
ers of patients with CMs. Fathers above 50 years at time of con-
ception was detected in 29.99% of patients with CMs, and
85.28% of them were non professionals as drivers, peasants,
laborers in factories. Birth weight in patients with CMs less than
2.5 kg was detected in 71.04% and 18.89% of them were deliv-
ered prematurely. Consanguineous marriage was present in
45.8% of parents of patients and family history of CMs was de-
tected in 16.69% of affected families.
6. Discussion
The frequency of CMs in this study among children aged 0–
18 years was 2%. This is the ﬁrst report about CMs in this age
group in Egypt. This ﬁgure is lower than the ﬁgure reported
among Turkish school children aged 6–15 years (6.18%) [17].
However it is higher than the ﬁgure reported in India by Sridhar
[18] in a community based survey of visible congenital anomalies
1.03%.
Comparing the frequency of CMs in children with that of
liveborns in the same locality (2.7%) [19] or in other localities
in Egypt, 3.17% in Giza [20], 1.6 in Alexandria [21], 2.3% in
Mansoura [22], it was found to be unexpectedly lower. Longi-
tudinal cohort studies with special follow examination provide
high incidence ﬁgures for congenital anomalies as contrasted
to studies based only on birth certiﬁcate information because
it collects valid information on late manifesting CMs [23].
The higher frequency in live borns in Egypt may be due to
either inclusion of all minor anomalies in the study of live
borns [19], or inclusion of congenital anomalies in still births
in addition to that of live births [20].The highest frequency of CMs reported in this study in-
volved the nervous system, followed by chromosomal abnor-
malities, genital organs, urinary system anomalies,
musculoskeletal, circulatory system, eye, ear, face and neck,
other congenital anomalies, digestive system anomalies, cleft
lip and palate, and respiratory anomalies. CNS anomalies
are considered the most common anomalies in this study as
well as in other studies in live borns and still borns in Egypt
as well as in other countries [19,20,24,25]. However the fre-
quency of anomalies in other systems differs in different stud-
ies done in Egypt or in other countries [26–29]. It is evident
that the prevalence and type of CMs differ from one country
to another. Even in the same country it differs from one local-
ity to another. Therefore country and/or region speciﬁc studies
are necessary to describe types of CMs encountered in the area
[25]. Further the geographic variation for some defects may re-
ﬂect local prevalence rates and risk factors, environmental, ge-
netic and ethnic variations [26].
In this study males were more affected than females (1.8:1).
However this difference was not evident in other studies in
Egypt among liveborns and stillborns [19,20]. However con-
genital malformation male excess was also reported in other
studies [26,30–33]. Lisi et al. [34] reported that sex distribution
varied signiﬁcantly among registers and it depends on the type
of malformation and whether it is isolated, associated or syn-
dromic. Deviation of sex distribution was observed for 24 of 29
groups studied (a male excess in 16, a female excess in 8) and in
8 of such groups these estimates varied signiﬁcantly across reg-
isters. So sex distribution should be studied in every CM sep-
arately and not in the whole group. Consanguineous marriages
are reported to play a major role in the occurrence of congen-
ital malformations and it is a recognized common practice in
Middle East [35]. In the present study consanguineous mar-
riage was signiﬁcantly increased 45.8% compared to that in
the general population 38.9% [13]. The same was also reported
in other Arab countries, and in Iran [27,28,35–38]. Zlotogora,
also reported increased incidence of CMs in the offsprings of
consanguineous couples due to homozygous expression of
recessive genes inherited from their common ancestors [39].
Pinto Escalante reported twofold increase in incidence of
CMs among the clinical effects of parental consanguinity
[40]. Also the mating in consanguinity gives exactly the condi-
tions most likely to enable rare features to show itself [41]. A
study done in Egypt on the etiology of CMs, chromosomal
anomalies constituted 21.4%, genetic syndromes 31% and
47.6% were due to unknown causes. Most of the genetic syn-
dromes were due to autosomal recessive inheritance and this is
due to high degree of consanguinity [42].
Family history of CMs was reported to occur in 16.69% in
this study, compared to 5% in the control group (p< 0.05). A
history of CMs was more common among siblings of consan-
guineous marriages than non consanguineous marriages [38].
In this study the prevalence of CMs was signiﬁcantly in-
creased with maternal age above 35 years. So far increasing
maternal age is the most important, perhaps the only docu-
mented non genetic risk factor for trisomies in humans [43].
This is due to increase in chromosomal meiotic errors that oc-
cur with age [44]. Increasing paternal age above 50 years was
also a risk factor in this study. Although a paternal age effect
is not well established, Zhu et al. demonstrated that the prev-
alence of malformations of the extremities and syndromes of
Table 1 Frequency of major congenital anomalies by system according to ICD-10 classiﬁcation among 660.280 infants and children
studied.
MCAs by system (ICD-10) No. % % of total MCAs /1000 population
Q00–Q07 Congenital malformations of the nervous system
Neural tube defect 1078 29.57
Microcephaly 777 21.31
Hydrocephalus 677 18.57
Cranial cerebrovascular anomalies 430 11.79
Cranial anomalies 284 7.79
Cerebral defects 281 7.71
Neuroectodermal anomalies 119 3.26
Subtotal 3646 100.00 26.92 5.5
Q10–Q18 Congenital malformations of eye, ear, face and neck
Eye
Optic nerve atrophy 130 17.78
Microphthalmia 117 16.01
Retinal anomalies 99 13.54
Lens anomalies 85 11.63
Anophthalmia 38 5.20
Corneal anomalies 30 4.10
Iris anomalies 22 3.01
Ear anomalies 120 16.42
Mouth anomalies 34 4.65
Neck anomalies 30 4.10
Others 26 3.56
Subtotal 731 100.00 5.39 0.11
Q20–Q28 Congenital malformations of the circulatory system
Ventricular septal defect 403 45.43
Fallot’s teratology 180 20.29
Atrial septal defect 74 8.34
Vascular anomalies 59 6.65
Patent ductus arteriosus 35 3.95
Congenital valvular anomalies 23 2.59
Dextrocardia 23 2.59
Cardiomyopathy 19 2.14
Transposition of great vessels 14 1.58
Coarctation of aorta 11 1.24
Endocardial ﬁbroelastosis 9 1.01
Situs inversus totalizes 7 0.79
Others 30 3.38
Subtotal 887 100.00 6.55 0.13
Q30–Q34 Congenital malformations of the respiratory system
Congenital laryngeal cord anomalies 34 41.98
Congenital polycystic lung 24 29.63
Unilateral lung agenesis 15 18.52
Others 8 9.88
Subtotal 81 100.00 0.6 0.1
Q35–Q37 Cleft lip and cleft palate 203 1.5 0.3
Q38–Q45 Other congenital malformations of the digestive system
Congenital umbilical hernia 150 52.26
Hirshsprungs disease 70 24.39
Biliary atresia 20 6.97
Imperforate anus 10 3.48
Congenital pyloric stenosis 10 3.48
Others 27 9.41
Subtotal 287 100.00 2.10 0.4
Q50–Q56 Congenital malformations of genital organs
Hypospadius 375 28.13
Mullerian tube defects 250 18.75
Intersex 220 16.50
Epispadius 175 13.13
Ovarian dysgenesis 163 12.23
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Table 1 (continued)
MCAs by system (ICD-10) No. % % of total MCAs /1000 population
Others 150 11.25
Subtotal 1333 100.00 9.84 2
Q60–Q64 Congenital malformations of the urinary system
Renal dysplasia 257 21.89
Renal agenesis 254 21.64
Polycystis kidney 185 15.76
Ectopic kidney 131 11.16
Cysto-uretheral anomalies 126 10.73
Others 221 18.82
Subtotal 1174 100.00 8.67 1.8
Q65–Q79 Congenital malformations and deformations of the musculoskeletal system
Limb anomalies 819 68.54
Dyschondrodystrophies 182 15.23
Osteogenesis imperfecta 87 7.28
Arthrogryposis 33 2.76
Congenital pelvifemoral anomalies 17 1.42
Others 57 4.77
Subtotal 1195 100.00 8.82 1.8
Q80–Q89 Other congenital malformations 619 4.57 0.9
Q90–Q99 Chromosomal abnormalities, not elsewhere classiﬁed
Down syndrome 2523 74.49
Chromosomal deletions 143 4.22
Other trisomies 78 2.30
Others autosomal syndromes 35 1.03
Fragile X syndrome 248 7.32
Turner 204 6.02
Klinefelter syndrome 130 3.84
Others sex chromosome syndromes 26 0.77
Subtotal 3387 100.00 25.00 5.1
74 R.M. Shawky, D.I. Sadikmultiple systems, as well as Down syndrome, increased with
increasing paternal age (40 years and above) [45]. More over
there is a positive association between advanced paternal age
and hypospadias, cleft lip and cleft palate. Also advanced
maternal and paternal ages were both independently associ-
ated with congenital heart defects [46]. On the other hand a po-
sitive association of young maternal and paternal ages were
independently associated with gastroschisis. In addition young
maternal age carried a higher risk of neural tube defects [47].
So the association between prevalence rate of CMs and mater-
nal age is U shaped with a higher proportion of malformed
children among women aged less than 20 years and more than
39 years [48].
68.2% of mothers in this study did not receive antenatal
care. The same was also reported in Brazil, where CMs were
more statistically associated with maternity hospitals belong-
ing to or outsourced by the uniﬁed National Health System
and inadequate prenatal care (63 visits). This high-lights the
importance of measures for health promotion and disease pre-
vention in child bearing-age women with special attention to
prenatal care and childbirth which can inﬂuence neonatal indi-
cators and prevention of birth defects [49].
27.5% of mothers received folic acid or multivitamin which
is signiﬁcantly lower than that in the control group. MTHFR
genetic polymorphism (1298A/C) is considered a risk factor in
Egyptian mothers with Down syndrome [50]. Medium serumfolate concentrations among nonpregnant women of child-
bearing age was reported to be decreased 16% and RBC folate
concentration decreased 8%, and it is recommended that all
women of childbearing age who are capable of becoming preg-
nant should consume 400 lg of folic acid daily to reduce the
occurrence of neural tube defects in affected pregnancy [51].
Also folic acid supplementation for 1 year before conception
might signiﬁcantly reduce the risk for preterm delivery, accord-
ing to an analysis involving more than 38,000 women [52].
Vitamin B12 might also confer health beneﬁts, however, such
beneﬁts are difﬁcult to ascertain because of the complementary
functions of vitamin B12 and folic acid. Furthermore, the inter-
actions between the nutritional environment and genotype
might have an important inﬂuence on vitamin B12, and risk
of neural tube defects. However more research, particularly
in the area of nutritional genomics, is needed to determine
how vitamin B12 might augment the beneﬁts of folic acid. So
foods have to be fortiﬁed with vitamin B12 in addition to the
current mandatory folic acid fortiﬁcation of grains [53].
Multiparity was associated with increased prevalence of
CMs in this study (54%). Sipila et al. found an increase in fre-
quency of CMs in 4th gravida mothers. The risk of mutations
in women with 3rd and higher gravida is higher than in women
with primary or secondary gravida [54]. However Perveen and
Tyyab found more CMs in newborns of primiparaipara [55].
History of spontaneous abortion or still birth obtained in this
Table 2 Maternal and paternal risk factors associated with CMs.
Maternal and neonatal factors Cases (n= 13,543) Control (n= 5000) Odd ratio CI 95%
N % N % Odd L U
Age of mother at conception >35 years 8121 59.96 1500 30.00 3.495* 3.260 3.747
Parity (multipara) 7313 54.00 2000 40.00 1.761* 1.648 1.881
History of abortion or stillbirth 4387 32.39 300 6.00 7.507* 6.643 8.482
Antenatal care during pregnancy 4306 31.80 3000 60.00 0.311* 0.291 0.332
Diabetes 986 7.28 100 2.00 3.848* 3.124 4.739
Fever 2260 16.69 200 4.00 4.807* 4.144 5.577
Pre-eclampsia 5340 39.43 82 1.64 39.043* 31.303 48.696
Polyhydramnios 1462 10.80 44 0.88 13.631* 10.081 18.431
Oligohydramnios 1329 9.81 27 0.54 20.041* 13.672 29.377
Antipartum hge 429 3.17 30 0.60 5.419* 3.738 7.858
Contact with infectious case 3470 25.62 120 2.40 14.009* 11.641 16.859
Maternal smoking active and passive 7508 55.44 1750 35.00 2.310* 2.160 2.471
Intake of multi vitamin and folic acid 3725 27.50 3973 79.46 0.098* 0.091 0.106
Drug intake 4919 36.32 700 14.00 3.504* 3.211 3.823
Contact with pollutants 7932 58.57 1325 26.50 3.921* 3.650 4.212
Twin pregnancy 398 2.94 25 0.50 6.025* 4.017 9.038
Period of gestation Fullterm 10,985 81.11 4950 99.00 0.043* 0.033
Preterm 2558 18.89 150 3.00
Mode of presentation Breech 1533 11.32 500 10.00 0.870* 0.782
Mode of delivery CS 3128 23.10 250 5.00 0.175* 0.153
Birth weight <2.5 9621 71.04 450 9.00 24.803* 22.360
Paternal factors
Age of father at conception >50 years 4062 29.99 800 16.00 0.445* 0.409 0.484
Father’s non professional 11,549 85.28 3000 60.00 0.259* 0.241 0.279
* Signiﬁcant at p-value < 0.05 for odd ratio with Fisher’s exact test (v2).
Congenital malformations prevalent among Egyptian children and associated risk factors 75study was 32.39%, might probably be due to birth defects of a
severe degree in the conceptuses which was incompatible with
life [56].
History of oligohydramnios, and polyhydramnios, were
present in high frequency among mothers of patients with
CMs in this study. Stoll et al. reported that 55% of cases with
polyhydramnios had more than one malformation, 13.4% of
them had a chromosomal aberration and 32% had multiple
malformations that do not constitute a syndrome [57]. He also
reported that the incidence of neonatal congenital anomalies in
pregnancies complicated by oligohydramnios was 1.88% with
7.14% of malformed children born after oligohydramnios. The
malformations most often associated with oligohydramnios in-
volve the urinary system (15.9%), the digestive system
(10.2%), the genital system (5.9%) and the limbs (5.7%),
and a chromosomal aberration was present in 5.9% [58].
The frequency of CMs presenting by breech in this study
was 11.32%. It is well recognized that a fetus presenting by
breech is more likely to have congenital malformations than
a fetus with cephalic presentations. The abnormality is approx-
imately threefold [59].
Major and minor malformations are more common in
twins than in singletons, with monozygotic twins more com-
monly affected than dizygotic twins [60,61]. The same was also
reported in this study.
In this study a history of common cold and fever (39 C and
above) was reported to occur in 16.69% of mothers, in the ﬁrst
trimester. Zhang and Cai found an elevated risks of birth de-
fects among offspring of women having common cold with
or without fever in the ﬁrst trimester of pregnancy. Increased
relative risk was observed for anencephalus, spinabiﬁds,
hydrocephalus, cleft lip and undescended testicles [62].We found a higher frequency of CMs in the offspring of
mothers having pre-eclampsia (39.43%) compared to controls
(1.64%). Chromosomal abnormalities and structural chromo-
somal abnormalities are considered pregnancy associated risk
factors for preeclampsia [63,64].
An association between antipartum hemorrhage early in
pregnancy and CMs reported in this study (3.17%) could be
noted in some retrospective and prospective studies [65,66].
The association between maternal glycemic control and the
increased risk of major CMs has been well established [67,68].
In this study there were a signiﬁcant number of diabetic moth-
ers (7.28%). Also in another study done in Egypt [19] on live
borns, the incidence of major congenital anomalies in infants
of diabetic mothers was 11% (4.6 times higher than the general
population and that of minor anomalies 18%). Apeland et al.
found that major anomalies occurred in 6.4% of pregnant dia-
betics [69] and Hod et al. found that minor anomalies ranged
between 19.4% and 20.5% [70]. Sehaefer-Graf et al. reported
that increasing hyperglycemia at diagnosis in diabetic pregnant
females was associated with an increasing risk of anomalies in
general and with anomalies involving multiple organ systems
without a preferential increase in involvement of speciﬁc organ
system. Also congenital anomalies in offspring of women with
gestational and type 2 diabetes affect the same organ systems
that have been described in pregnancies complicated by type
1 diabetes [71].
A high frequency (15.9%) of extrathyroidal congenital
anomalies had been reported in Egyptian infants with primary
congenital hypothyroidism, detected by neonatal screening,
i.e., more than ﬁvefold higher than that reported in liveborn
(2.7%). The cardiac and musculoskeletal systems (mostly min-
or as brachydactly and digitalization of thumb were the most
76 R.M. Shawky, D.I. Sadikcommonly involved, comprising 9.09% and 47.72% of all
anomalies [72]. On the other hand Kumar et al. reported an in-
creased prevalence of congenital renal and urologic anomalies
in children with congenital hypothyroidism and suggested fur-
ther studies of common genes involved in thyroid and kidney
development [73]. Also maternal thyroid disease both overac-
tive or underactive or taking medicine to treat thyroid disor-
ders during pregnancy was reported to be a risk factor for
craniosynostosis in infants [74].
Maternal obesity although not studied in this work, was
usually associated with maternal diabetes and was signiﬁcantly
linked with spinabiﬁda, heart defects, anorectal atresia, hypo-
spadias, limb reductions, diaphragmatic hernias, omphalocele.
It also slightly increased the risk of cleft palate and signiﬁ-
cantly decreased the risk of gastroschisis. Under weight on
the other hand was associated with modest increased risk of
orofascial clefts [75].
In this study, 36.32% of mothers of patients with CMs had
a positive history of drug intake (not deﬁnitely identiﬁed) in
the ﬁrst trimester of pregnancy. About 2–3% of all birth de-
fects result from the use of drugs other than alcohol. Drugs ta-
ken by pregnant women can affect the fetus by acting directly
on it, causing damage, abnormal development (leading to birth
defects) or death. They can alter the function of the placenta
by constricting blood vessels thus reducing the supply of oxy-
gen and nutrients to the fetus from the mother. The result is
under weight, under developed and may be abnormal devel-
oped baby [76].
55.44% of mothers in this study were cigarette smokers
compared to 35% of controls (p< 0.05), either actual smokers
or passive smokers, i.e., exposed to environmental tobacco
smoke. Maternal smoking for one month before conception
through the third month of pregnancy (periconceptional peri-
od) was linked with birth defects of the heart, cleft lip with or
without cleft palate (CLP). A weaker link was found with cleft
palate only (CPO). CPO with Pierre Robin sequence was also
linked with heavy maternal smoking. The link with smoking is
stronger among mothers who did not take folic acid. However
there was no link between CLP or CPO and exposure to envi-
ronmental tobacco smoke alone [77]. These defects are thought
to be caused by carbon monoxide and nicotine. Carbon mon-
oxide may reduce the oxygen supply of the body’s tissues. Nic-
otine stimulates release of hormones that constrict the vessels
of uterus and placenta so that less oxygen and fewer nutrients
reach the fetus.
In this study 58.57% were exposed to pollutants by work-
ing or living near industrial factories, or helping their husbands
in cultivating the land where pesticides were aggressively used.
In Egypt there is no speciﬁc regulations regarding the use of
pesticides (type, amount) and there is no considerable aware-
ness about possible related health problems including CMs.
This point should be studied thoroughly in Egypt. Countries
such as Italy, where there is close control of the use of pesti-
cides, there is no epidemiological evidence that pesticides have
any effect on the prevalence of CMs [78]. However residential
proximity to the regional industrial park was associated with
major congenital malformations among Arab-Beduin, but
not in Jewish populations. These observations indicate the
need for public health protection of a vulnerable society and
the relative importance of chemical exposure and health care
utilization requires further study [79]. Other chemicals re-
ported to be associated with CMs include hair spray (whichcontain a chemical phthalates) where women exposed to it
are at increased risk of having a boy with genital defects be-
cause it suppresses the production of testosterone, a critical
agent in penile development [80]. Also some chemicals as
Bisphenol A (BPA), which is an ingredient in plastics and
epoxy resins that line food cans is found in unsafe levels in
canned food and may be linked to birth defects [81].
A high frequency of CMs (71.04%) was observed in chil-
dren whose birth weight was less than 2.5 kg in this study. A
high frequency of birth defects was also reported in other stud-
ies among infants with low or very low birth weight as well as
in prematures [82,83].
As regards fathers occupation, the professional fathers were
signiﬁcantly decreased (14.72%) in this study compared to
40% in control group with a signiﬁcant difference. The non
professional jobs were mostly farmers, drivers, and hand work-
ers. Most of the mothers were house wives. This denotes a
higher incidence of CMs in lower socio-economic groups.
These are at higher risk due to environmental or lifestyle fac-
tors. In addition their wives lack access to prenatal care, prop-
er balanced nutrition and intake of vitamins or folic acid.
To conclude, congenital anomalies continue to be an
important cause of morbidity and mortality in infants and chil-
dren especially in developing countries including Egypt. Sur-
veys of congenital anomalies must be done in every country
and even in different regions of same country to provide prev-
alence of CMs, pattern of occurrence, nature, identify causes
and associated risk factors and ultimately to prevent or reduce
the occurrence of MCAs. Variation between population is due
to genetic characteristics of ethnicity and geographical loca-
tion, an important component of environment.
The possible role of genomics in uncovering genetic suscep-
tibilities and helping prevention of these conditions require in
depth epidemiological studies and cost/effective analysis [84].
Also understanding the interaction between genetics and the
environment in the development of CMs will lead to better
understanding of the biological mechanisms and pathological
processes that contribute to the development of complex birth
defects. It is through such understanding that more efﬁcient
measures will be developed to prevent these severe, costly, of-
ten deadly defects. This will also support health service plan-
ning for prevention as regards prenatal diagnosis and
screening programs.
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